e report a long-term review of 60 acetabular components revised using impacted, morsellised bone allografts and a cemented polyethylene cup. The acetabular defects were cavitary (37) or combined (23). Follow-up was for a mean 11.8 years (10 to 15).
The main problem in revision hip arthroplasty is the loss of bone stock caused by loosening and the procedures to remove the prosthesis and cement. The replacement of bone stock with bone grafts is an attractive and biological solution.
Based on the experience of Hastings and Parker 1 and
McCollum, Nunley and Harrelson 2 in hips with protrusio acetabuli, we started to use a modified bone-grafting technique for revision in 1979, using impacted morsellised bone chips and cemented cups. Our results at 2 years 3 and 5.7 years 4 were promising, and we now report a longerterm follow-up, including all patients at ten years or more after revision surgery.
Patients and Methods
From January 1979 to March 1986 we performed 62 acetabular reconstructions using impacted morsellised bone grafts in 58 patients with failed hip prostheses. The revisions were performed by a number of surgeons, although one (TJJHS) operated on 50% of all patients. Two patients were lost to follow-up leaving 56 patients with 60 hips for review. The revision surgery was performed after 43 cemented and six uncemented total hip arthroplasties (THA), eight Wagner double-cup arthroplasties and three failed femoral prostheses. The primary diagnosis had been primary osteoarthritis in 28 hips, secondary osteoarthritis (after childhood diseases) in another 28 and rheumatoid arthritis in four. The indication for revision was aseptic loosening in 56 hips and septic loosening in four. Two patients had had previous revisions, once and twice, respectively. There were 13 men and 43 women with a mean age at operation of 59.1 years (23 to 82). Thirty-five procedures were left-sided and 25 were on the right. Operative technique. We used the posterolateral approach in all patients with trochanteric osteotomy in only two. After removal of the component, samples from the tissue interface between the component and bone were sent for frozen section and microscopy to detect possible infection. A two-stage procedure was done in the four hips with known septic loosening and in seven with suspected infection, in which more than 50 granulocytes per field were seen on frozen section.
Segmental defects in the medial wall of the acetabulum were closed with a slice of corticocancellous bone. Nine early cases had autografts alone from the iliac crest; later, auto-and allografts were combined in 16 hips and allografts only were used in 35. In the eight revisions from surface replacement arthroplasty bone grafts were taken from the remains of the resected femoral head. All the allografts were of fresh-frozen femoral heads from the bone bank, with between one and three femoral heads used in each case.
The grafts were morsellised during the operation with a rongeur to provide cancellous chips with a diameter of 0.5 to 1.0 cm. These chips were then impacted with socket trial prostheses, but the trial prosthesis used was at least 2 mm oversized for the proposed cup diameter to create a cement mantle of sufficient thickness. The original centre of rotation was reconstructed by impaction at the level of the transverse ligament. In 54 hips, the graft was covered with a thin vitallium wire mesh and either a 32 mm polyethylene Müller or Allopro cup (Sulzer, Winterthür, Switzerland) was cemented using antibiotic-loaded bone cement (Palacos with gentamicin; Merck, Darmstadt, Germany).
Postoperative management included systemic antibiotics for five days, anticoagulation for three months and indomethacin for seven days as prophylaxis against heterotopic ossification. Passive movement was started at 24 hours, walking with partial weight-bearing at six weeks and full weight-bearing after three months. Clinical data and follow-up. At review in April 1996, 15 patients had died, ten within ten years of the revision. Most of these had been followed up in detail and therefore their data are included. None had had rerevision, and death was unrelated to the hip surgery. Four patients were not seen for late review in our clinic; two were interviewed by telephone and two were reviewed by orthopaedic surgeons in another clinic. The Harris hip score (HHS) was used for clinical evaluation. Radiological review. Radiological follow-up was complete for 48 patients, incomplete for seven and missing for one. Anteroposterior views of the pelvis were assessed by three authors (TJJHS, BWS and JWMG) who made a consensus opinion. Acetabular defects were assessed from preoperative and first postoperative radiographs and the operation record. The defects were classified as cavitary, segmental or combined using the AAOS classification. 5 There were 37
cavitary and 23 combined segmental and cavitary defects (10 central and 13 peripheral segmental). The radiographs at latest review were compared with the first postoperative views and radiolucency was scored in the three zones of DeLee and Charnley, 6 regarding a radiolucent line of more than 2 mm as positive. Migration was estimated in relation to the interteardrop line. Definition of failure. Clinical failure was defined as need for revision of the acetabular component for any reason. Radiological failure was migration of 5 mm or more in any direction, or progressive radiolucent lines in all three zones. 6 
Results
Details are given in Table I . Of the 56 patients, 48 were followed for ten years or more; five patients who had died over ten years after the operation are included. The mean follow-up was 11.8 years (10 to 15). Clinical. At final review, no patient had severe pain and the mean HHS was 85 (53 to 100). The HHS had not been recorded before operation, but calculation from available data gave a mean score of 45. Rerevisions. Of the five acetabular rerevisions two were for culture-proven septic loosening at three and six years; three were for aseptic loosening at six, nine and 12 years. At ten years, there had been four rerevisions giving an overall survival rate of 92%. If the proven infections are excluded this becomes 96%. The aseptic failure at 12 years reduces the overall survival rate at a mean of 11.8 years (10 to 15) to 90%, or excluding infection to 94%. Other reoperations. Nine hips needed reoperation which did not include the acetabular component. Two showed superficial wound problems; one had periarticular ossification removed and one needed exploration of a trapped sciatic nerve. Two patients had femoral fractures, one traumatic and one pathological due to a metastatic carcinoma. Three patients had femoral rerevisions without exchange of the acetabular component. Radiological follow-up. Most hips had a stable radiological appearance with uniform radiodensity of graft and host bone (Figs 1 and 2) . In one hip, the acetabular component migrated 13 mm soon after the operation but then remained stable, and was not recorded as a radiological failure. In all three hips rerevised for aseptic loosening and in most with radiological loosening, the radiolucent lines were visible within two years (Fig. 3) . Four hips showed radiological loosening by the above criteria at 7, 11, 13 and 15 years, respectively. These patients had only mild complaints and three of them had died without rerevision at 7, 12 and 15 years. Other positive radiological signs were a stable radiolucent line in zone I in six hips, a progressive line in zone I in one and a progressive line in zone III in another.
Including both rerevision and radiological loosening the overall survival rate for aseptic loosening was 94% at ten years and 85% at 11.8 (10 to 15) years. 
Discussion
There are several options for the reconstruction of acetabular deficiencies, but since 1979 we have used the standard technique of impaction grafting and cement. We consider it important to replace lost bone, restore normal biomechanics and obtain stability. All these can be achieved by impaction grafting and cement. 3, 4 We studied the long-term validity of the technique, by reviewing only patients with a minimum follow-up of ten years. These 60 hips in 56 patients cannot be directly compared with those in our previous report of 88 hips in 80 patients with 95% survival at a mean 5.7 years. 4 There has been some deterioration with time. The reliability of our study was assessed as suggested by Murray, Britton and Bulstrode. 8 The loss-to-follow-up quotient is 0.4, and inclusion of the two lost to follow-up as failures gives a 'worst-case' survival of 87% at 11.8 years for all hips, and 90% if the infections are excluded. Conn et al 9 has suggested radiological criteria for graft incorporation, but these are difficult to interpret. 4, 10 Incorporation of the grafts can be proved only by histological analysis, but this is difficult in patients. We have reported animal experiments using impacted morsellised allograft in goats on both the acetabular and the femoral sides in combination with THAs. [11] [12] [13] We studied the incorporation process up to 48 weeks, and showed that a remodelling front moved through the impacted allograft from the hostbone junction to the cement-graft interface. We found complete consolidation, revascularisation, and the incorporation of the graft with viable bone marrow by 48 weeks. We have also studied nine human core biopsies from eight patients at between 1 and 72 months after acetabular reconstruction with impaction grafting. 14 The specimens were taken at reoperation for septic loosening (3), aseptic loosening (2), periarticular ossification (1), a sciatic nerve problem (2) and recurrent subluxation (1) . Histological examination of these biopsies suggested that a similar sequence of events took place to that in the animal experiments, with remodelling into a new trabecular bone structure. Heekin et al 10 has also shown complete incorporation of morsellised allografts on the acetabular side, and similar results have been found in biopsies of the proximal femur after impaction. 15, 16 By contrast, the incorporation of large structural bone grafts is incomplete, even after a long period. 17 This has also been observed when autogenous massive femoral head grafts were used for acetabular reconstruction with cemented THAs; 18 at a mean follow-up of 11.8 years, 20% had been revised. Shinar and Harris 19 reported a 16-year follow-up study of relatively young patients (mean age 45.2 years) after both primary and revision THA using both bulk structural autografts and allografts, with a 36% revision rate for aseptic loosening. Structural acetabular allografts also show a high failure rate after cementless revision arthroplasty, with 18% acetabular rerevisions within four years. 20 There have been few long-term studies of revision surgery after failed THA. THA: at a mean follow-up of 8.4 years, the overall acetabular revision rate was 11% with an additional 22% rate for the femoral component. These long-term results of acetabular impaction grafting with cement are satisfactory, but the technique is very demanding. Impaction must be tight enough to create stability. In all the hips which we report the grafts were morsellised with a rongeur to create chips of a substantial size. The use of bone mills is tempting, but most of them create bone chips of smaller dimensions. There are few data on the influence of the size of chips on stability on the acetabular side. A major concern is the reported use of this technique with bone processed in different ways; the mechanical behaviour of freeze-dried bone may not be comparable with that of the fresh-frozen grafts which we used. Finally, the role of postoperative management is not clear. All the patients whom we report had a strict protocol of bedrest for six weeks, but because of the relatively high morbidity and cost of this, we now mobilise most of our patients on crutches at three weeks. The period of immobilisation must be adjusted in relation to the original extent of destruction. Conclusions. Large defects at revision surgery must be treated, and we believe that the best solution is biological, using bone graft to reconstruct the skeleton. Our review has evaluated one specific technique of replacing the bone defect with impacted cancellous morsellised bone. This then allows conventional implants, as used in primary procedures, to be placed in an anatomical position with a thin, even layer of cement. We do not replace loose, defective prostheses with larger cups or greater amounts of cement, and we have excellent clinical results at over ten years. Both radiological incorporation and histological evidence tend to confirm that bone stock is restored to create a situation which is as close to nature as possible.
